The River Kali is an important surface water body in the western Uttar Pradesh (U.P). It is an intermittent river which flows throughout the monsoonal months. The present study aims to assess the heavy metal contamination in the river Kali using pollution index (PI), based on five heavy metals (Fe, Zn, Cd, Pb, and Cr) during pre and post monsoon seasons in the year 2014. The PI evaluated during pre and post monsoon seasons with respect to drinking water quality standards was found as 5.04 and 7.08 respectively, while related to inland water quality standards were found as 4.37 and 3.62, respectively. The results indicate that the river Kali was severely contaminated (PI>3) in both seasons. Therefore, water of Kali River is not fit for drinking as well as for agriculture purposes.
INTRODUCTION
River water, a natural source forms the lifeline of all living organisms. Water pollution, which is a major environmental issue in India, is the introduction of contaminating pollutions into the natural water leading to an adverse change. The rapid industrialization near to water bodies and the untreated discharge of industrial effluents like toxic heavy metal contaminant degrade the water quality. Because of their bioaccumulation capacity and environmental persistence, special attention has been paid on toxic trace elements (Alves et al., 2014) . These chemicals may enter aquatic compartments through a variety of routes, therefore impairing the quality of not only aquatic ecosystems, but also human health (Bao et al., 2012) . As a consequence, multidisciplinary approaches combining chemical, eco -toxicological and ecological data in accordance with the Triad approach have been developed around the world (Benedetti et al., 2012) . However, the number of potentially hazardous chemicals is ever growing, rendering a complete chemical characterization of contaminants almost impossible (Vink et al., 1999) . The river water quality was being continuously degraded due to the ever increasing disposal of municipal and industrial waste from the nearby region (Jain et al., 1997) . Traces of heavy metals such as Pb, Mn, Fe and Cr have been identified as deleterious to aquatic ecosystems and human health (Panakkal and Kumar, 2014) . Although several reports on water quality, planktonic and limnology of river have been published (Bhargava et al., 2009; Sirohi et al., 2014; Kapsikar et al., 2011; Ghosh and Mcbean, 1998; CPCB, 2012) , but a comprehensive monitoring of heavy metals in the ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org surface water of river Kali has not been carried out yet. Therefore, in the present study, an attempt has been made to assess the degree of heavy metals contamination in Kali River at seven sampling locations (R 1 to R 7 ) at Uttar Pradesh (U.P) to calculate the pollution with respect to (w.r.t) drinking water quality and inland water quality standards so that a suitable conservation plan could be prepared and implemented.
MATERIALS AND METHODS
Study site: River Kali East is an intermittent river which flows actively; in monsoonal months. It originates from a village called Antwada near Khatauli in Western UP. Kali River is a tributary of the Hindon River which again is a tributary of the Yamuna River, and eventually flows into the Ganga River near district Kannauj in Uttar Pradesh. It originates near Antwada village of district Muzzafarnagar in Uttar Pradesh at coordinate 29˚9' 34.29" N to 27˚1'321.34"N and 77˚45' 15. 10" E to 77˚58'14.03"E. it covers catchment area of 1425.21 km 2 and travels a length of 150 km (approximately) before joining the river Ganga. The climatic condition of the area is characterized as a moderate subtropical monsoon. The major land use surrounding the river is agriculture and there is no forest cover. The soil of this area is silt loamy and free of carbonates. Moreover, during the monsoon period, the Kali River flow increases to a level approx. 10 to 12 times higher than the dry season flow and floods into the over banks in many stretches. The sampling locations have been given in Table 1 and Fig. 1 . Calculation of contamination index (CI) and pollution index (PI): The CI and PI here have been used to identify the enrichment of heavy metals with respect to the maximum permissible limit for standard discharge of environmental pollutant to inland water and standard permissible drinking water quality. The pollution index of individual heavy metal was calculated by equation 1 and the contamination index for potentially toxic heavy metal in the river was calculated by equation 2:
Where, Pi is the pollution index of individual heavy metal; CI is the contamination index. The contamination index is classified as CI>5 (contaminated), CI; 1-5 (slightly contaminated) and CI<1 (not contaminated). Further, to determine the magnitude contribution of individual heavy metal to toxicity of an area, the single factor index, Nemerow pollution index (Yang et al., 2013) is applied for river water quality with respect to heavy metal. The Nemerow pollution index (PI) is widely applied to reflect the total pollution level and evaluate environmental quality. It was calculated by equation 3:
Where, PI is the Nemerow pollution index; Pi max is the maximum value of pollution indices of all five heavy metals considered at particular sampling location. The range for which PI is classified as: P≤1 (water not contaminated); 2<P≤3 (slightly contaminated) and P>3 water severely contaminated. The inland water quality standards and drinking water quality standards of the five heavy metals considered were obtained from the Central Pollution Control Board (CPCB, 2012; EPA 1996) and BIS, 1991 norms of the Indian government for general discharge of environmental pollutant to assess contamination of heavy metals in river Kali. Data collection and analysis: The data of heavy metal concentration for analysis and calculation of indices were obtained from the laboratory experiment during pre monsoon (March-May) and the post monsoon (OctDec) in the year 2014 at seven sampling locations. Samples from surface water were collected directly by hand in a wide mouth glass jar, while the deep water samples were withdrawn by Vendorn-type water sampler. The water samples were stored at 4˚C transported to the laboratory within an hour and analyses were done on the same day. The heavy metals were analyzed using HACHSpectrophotometer taking in account the unit of measurement as mg/l (APHA, 2005) and the data obtained during analysis at all sampling locations were converted into the overall mean and standard deviation of each heavy metal concentration for the overall river water quality and is shown in Table 2 . The data was converted into individual pollution index (Pi) value using equation 1. The contamination index (CI) is then calculated by averaging the Pi value of all five heavy metals at particular sampling location for both pre and post monsoon using equation 2. Then, Pi value was evaluated using equation 3. According to WHO, all the heavy metals were above the permissible limits. The pollution index and contamination index values with respect to the general standard for environmental pollutant discharge for inland water bodies are represented in Table 3 & 4 for both pre and post monsoon sampling respectively. While, using a denominator for calculating Pi as drinking water quality standard, CI and PI values are represented in Table 5 and 6, respectively for both pre and post monsoon. Slight variation in PI was found at most of the sampling locations in the pre-monsoon to post-monsoon season, but at some of the locations where PI>3, can be due to nutrient enrichment during the rainy season. It was also revealed that the PI was more specific in classifying the contamination level in the water stream than CI (Tables 3-6) .
RESULTS AND DISCUSSION
The Kali river water quality was assessed using the five heavy metal parameter for different sampling locations. The seasonal variation of different heavy metals in water from Kali River is depicted in laboratory analysis of samples indicates that the river was supplemented with heavy load of Zn and Pb, which were found to be very high than the standard limit of inland water quality that led the river water unfit for agricultural use. While all five heavy metals concentrations were found higher than standard permissible limit of drinking water quality therefore river water was unsuitable for drinking purpose. Further, in order to classify the laboratory findings comprehensively, the PI and CI were calculated with respect to inland water quality standard during pre and post monsoon as represented in Table 3 and 4, respectively. The result showed that the CI was in the range of 1-5 in both the season, was an indication of slightly contaminated water quality at most of sampling locations, except R 1 and R 2 . Moreover, the PI was found in the range PI >3 at most of sampling locations indicating the severely contaminated water quality, except at R 1 (PI<3) was an indication of moderately contaminated, during both the seasons, while at R 2 , the PI was found as 2.77 during post-monsoon and 3.50 during the premonsoon season. Based on the results obtained, it has been revealed that the water quality of river kali is not suitable for agricultural purpose. Furthermore, the CI and PI with respect to drinking water quality standard of heavy metals is evaluated and shown in Tables 5  and 6 for pre and post monsoon, respectively. The CI was found in the range 1-5 whereas PI was in range PI >3 in both the seasons at all sampling locations except R 1 (Tables 4 and 6 ). The variation in CI was also found in pre monsoon (PI>3) and post monsoon (PI, 2-3), is due to dilution of river water. The present study indicated that the accumulated concentration of heavy metals in the Kali River is minimum during post-monsoon and maximum during premonsoon. Reason behind, after rainy season (JulyAugust), rivers is highly flooded and the drainage system is drastically affected, which results in mixing of polluted and unpolluted water. This leads to decrease in heavy metal concentration, whereas increase in the concentration of metals during pre-monsoon might be due to drought and reduction in water levels. From the above it was found that the overall PI is 4.79 & 3.73 in pre monsoon and post monsoon respectively which shows that water is severely contaminated and is not suitable for drinking and other life supporting activities. The present findings also support the previous studies (Bhargava et al., 2009; Sharma et al., 2014) . Bhargava et al. 2009 had studied quality of water on the river Kali using microbial count and had reported Sharma et al. (2014) also studied the same using physico-chemical parameters and found the same status as provided in our present study. Therefore, to bring an improvement in the river water quality, corrective conservation measures may be appropriately taken by concerned authorities so that river pollution might be reduced in the future and river may regain its historical importance.
Conclusion
Based on the analysis of heavy metals, it has been revealed that Zn and Pb are the major parameters responsible for water pollution in the river Kali. The overall PI indicates that, the river water was severely contaminated (i.e. PI>3) in both seasons with respect to both standard for inland water quality and drinking water quality. This severe contamination was mainly due to land run off, dredging, other linked anthropogenic activities and the discharge of industrial/urban effluents into river Kali. To classify the contamination level, PI was more significant to CI. The PI variation in both pre and post monsoon season indicated that the river was more contaminated during pre monsoon than the post monsoon. This variation may be due to the addition of waste water during rainy season. The result also revealed that river water is not fit for irrigation as well as drinking purposes. 
